Abstract. The purpose of the present study is to investigate pre-service teachers' previous mathematics learning experience from elementary school to college and how it relates to their attitudes and beliefs about mathematics learning and teaching. Data were collected over two semesters from a total of 67 pre-service teachers in a mathematics methods course at a mid-Western university. The results indicate that different mathematics learning tools or strategies were emphasized at different grade levels. While a few strategies that support meaningful learning showed consistent growth in their use at higher grade levels, memorization remained a heavily used strategy at all grade levels. Certain research-proven strategies (manipulatives, illustrations, measurement) were used less often at higher grade levels. Regarding the relationship between previous learning experience and current mathematics-related attitudes and beliefs, we found very limited support. Findings were discussed and educational implications were provided.
Introduction
Mathematics education in the United States has been criticized in recent years as student performance in mathematics continued to show more weaknesses than strengths. According to the Programme for International Student Assessment [PISA] of 2012, 15-year-old students in the United States ranked 27 th in mathematics, 17 th in reading, and 20 th in science among the 34 member countries (Organization for Economic Cooperation and Development, OECD, 2016) . U.S. students showed poor mathematics performance particularly with tasks that required them to interpret and solve real world problems (Pourdavood & Liu, 2017) . When one takes into consideration the fact that the U.S. spends more per student than most countries, it is not surprising that our educational system gets a big portion of the blame.
Some researchers believe that unsatisfactory student performance in the United States and other English speaking countries may be attributed to mathematics teaching practices that emphasize rote learning, memorization, and procedural knowledge (Chen et al., 2014; Edwards, 2017; Kostos & Shin, 2010; Lee & Hannafin, 2016; McLeod, 1992; Wilcox & Monreo, 2011) . However, not all researchers are willing to discredit the teaching of procedural knowledge or the use of memorization strategies. Ansari (2015) argues that mathematics teaching approach depends on the students' developmental stage. He asserts that when we ask student to reflect on their problem solving, we need to make sure that they have developed some metacognitive skills. There is some evidence that the teaching of procedural knowledge may promote the development of conceptual knowledge and memorization may have its plan in helping students acquire procedural knowledge (Rittle-Johnson, Siegler, & Alibali, 2001; Rittle-Johnson & Koedinger, 2009; Schneider, Rittle-Johnson, & Star, 2011; Fuchs et al., 2013) .
While much research has been conducted regarding how different mathematics teaching approaches may provide different learning experiences for the students and hence influence their mathematics achievement and attitudes, little is known about what pre-service teachers' (PSTs') own mathematics learning experience was like or whether such experience plays a role in the development of their attitudes towards mathematics and their beliefs about mathematics teaching. In addition, it remains a debate whether memorization or meaningmaking strategies should be used, to what extent, and at which grade levels. The purpose of the present study is to investigate PSTs' previous mathematics learning experience from elementary school to college and examine how it relates to their attitudes and beliefs about mathematics learning and teaching. We ask three research questions: First, is there any trend or pattern in the PSTs' self-reported experience of memorization-based vs. other learning strategies in mathematics classroom as they went through the education system? Second, is PSTs' self-reported mathematics learning experience related to their attitudes toward mathematics (interest, motivation, and confidence)? Third, is PSTs' selfreported mathematics learning experience related to their beliefs about studentcentered teaching?
Literature Review
According to OECD (2016) , students who reported that they used memorization strategies to learn mathematics had about the same success rate on the less challenging mathematics items as those who reported using other learning strategies. When it came to more challenging items, however, students who reported using memorization the most, were four times less likely to solve the problems than those who reported using memorization the least. There seems to be a linear, negative relationship between the use of memorization strategies and performance on advanced mathematics tasks. In addition, countries with the highest performance reported far less use of memorization than countries with less impressive mathematics performance did. Less use of memorization strategies is also associated with more positive attitudes towards mathematics including stronger interest, higher motivation, higher confidence, and lower anxiety (Wheatley, 2012; Stuart & Thurlow, 2000) .
In a more recent study (Basibüyük et al., 2016) , researchers analyzed 52 Turkish high school students' responses to eight questions on functions and then interviewed a sample of 13 students and 4 teachers to further explore their reasoning underneath different test responses. The results indicate that the majority of the students demonstrated inadequate conceptual understanding and experienced problems communicating their thinking and reasoning about fractions in meaningful ways. Their lack of conceptual knowledge seems to be relevant to an emphasis on memorization and operational properties in teaching.
Not all researchers would agree that mathematics teachers should not emphasize procedural knowledge or memorization strategies in their teaching. However, research (Rittle-Johnson et al., 2001; Rittle-Johnson & Koedinger, 2009; Schneider, Rittle-Johnson, & Star, 2011) indicates that conceptual knowledge and procedural knowledge are highly correlated and students learn best when their mathematics teacher alternates lessons based on each approach. Fuchs et al.'s (2013) intervention study of 385 at-risk first graders also provided evidence that following a lesson on number concepts with speeded practice of mathematics facts led to better performance than conducting the same lesson with nonspeeded practice. Fuchs et al. (2013) explained that speeded practice helped atrisk children compensate for their weak reasoning ability. While affirming the benefits of memorization in mathematics learning such as reducing anxiety and enhancing fluency, OECD (2016) also states that as students get older and attend higher grade levels, the more they need to learn mathematics in a "more reflective, ambitious and creative way--one that involves exploring alternative ways of finding solutions, making connections, adopting different perspectives and looking for meaning (p. 4)".
Over the years a wide range of instructional approaches have been suggested as alternatives to the memorization and procedural approach to mathematics education. One of those alternatives is the use of manipulatives. Griffiths, Back, and Gifford (2017) defined manipulatives as "objects that can be handled and moved and are used to develop learners' understanding of a mathematical situation (p. 4)". Their definition includes fingers, everyday items and structured materials, with the exclusion of measuring tools, calculators, and virtual manipulatives. A comprehensive meta-analysis study by Carbonneau, Marley and Selig (2013) examined empirical evidence of the effectiveness of manipulatives for mathematics learning. Their findings indicate a small to medium overall effect of instruction using manipulatives, with relatively larger effects for retention than transfer, for children of 7-11 years old than for younger or older children. In addition, their findings suggest a small or medium effect of instruction using manipulatives for fractions and algebra than for arithmetic. Griffiths et al.'s (2017) surveyed 450 teachers whom did teach children of three to nine year olds in the U.K. and found that teachers viewed manipulatives as most appropriate for children who are younger or less competent learners. In addition, they found that teachers attributed their choice of manipulatives to many factors but they seldom chose manipulatives based on pedagogical principles. Teachers expressed a strong need for instructional guidance on how to use manipulatives in mathematics teaching and learning effectively.
The previous two decades witness the emergence of advanced technology tools to facilitate mathematics learning, especially graphing calculous and mobile devices such as smartphones, tablet PCs, and laptops. It is widely believed that technology use is necessary for promoting highly demanded reasoning and problem solving skills in an information society (National Council of Teachers of Mathematics (NCTM), 2015). A general consensus in previous meta-analyses (Hembree & Dessart, 1986; Ellington, 2003; Ellington, 2006; Rakes et al., 2011) is that the integration of calculators in mathematics instruction and assessment can have positive effects on students' mathematics achievement and attitudes. These meta-analyses could be biased, however, by focusing predominantly on high school students in pre-college classes. Research conducted with younger children tend to result in less conclusive findings (Vasquez & McCabe, 2002) . For students with lower performance, operating the graphic calculator can be a challenging barrier itself (Drottar, 1998) . Many teachers only used calculators on an irregular basis to supplement the curriculum in spite of access to them, possibly due to their preference for symbolic methods (Dewey, Singletary, & Kinzel, 2009 ). Furthermore, it has been reported that some students grew so dependent on the use of calculator that they were reluctant to work on mathematics problems without a calculator (Graham & Thomas, 2000) . Despite these different perspectives on the use of calculators in mathematics classrooms, NCTM (2015) maintained a position supporting the use of calculators in elementary grades without replacing paper-and-pencil or mental computation methods. In addition to calculators, according to a meta-analysis by Young et al. (2012) , video and computer games have been advocated for mathematics education with positive effects on student attitudes but mixed results regarding student achievement,. It is recommended that game-based learning should be situated in social interactions and game objectives should be aligned with learning objectives.
Another important aspect of promoting conceptual understanding of mathematical procedures is to integrate reading, communication, and discourse in mathematics teaching and learning. Reading mathematics texts is a complex process that requires a variety of skills and knowledge on the part of the student for achieving comprehension (Shuard & Rothery, 1984; Freitag, 2000) . In order to fully understand a mathematics text, a reader must be able to decode and make sense of discipline-specific vocabulary, pictures, charts, graphs, symbols, notation, formulas, and equations throughout the text (Noonan, 1990) . Many students struggle with mathematics reading and need much support and guidance from their teachers (Porras, 1994) . On the other hand, students who develop good mathematics reading skills can benefit tremendously from engaging in problem solving on their own since mathematics texts are often written with the purpose of explaining and modeling mathematical concepts, procedures, and reasoning to the reader (Porras, 1994; Siegel et al., 1996) .
The process of mathematics reading comprehension goes hand in hand with the processes of communication and discourse. The National Council of teachers of mathematics (NCTM, 2000) emphasizes that "Communication is an essential part of mathematics and mathematics education. It is a way of sharing ideas and clarifying understanding. Through communication, ideas become objects of reflection, refinement, discussion, and amendment (p. 60)." A key aspect of mathematics communication is writing about mathematics, which requires the use of written language of mathematics to express ideas, explain problem solving, clarify reasoning, and engage in constructive argumentation (Powell et al., 2017) . Empirical evidence from vigorous intervention studies indicates that organized classroom writing can significantly improve student mathematics achievement. For example, Cohen et al. (2015) conducted a 12-week intervention with second graders and found that students who wrote about mathematics outperformed the control group in posttests of mathematical vocabulary and mathematical reasoning. Moran et al. (2014) had third graders disability students in mathematics and found significant effect of paraphrasing propositions in word problems via writing on students' problem solving performance. Iris (2009) and Cross (2009) reported similar findings with high school. In addition, Tsuruda (1994) asserts that student writing in mathematics fulfills three objectives such as student reflection, enhancing learning, and formative assessment. In spite of its effectiveness, verbal and written communication is often missing in mathematics classrooms.
The paradigm shift in mathematics education from behaviorist to social constructivism epistemology in recent years has led to an abundance of research in mathematics discourse. By definition, mathematical discourse refers to social interactions and communication that take place in a mathematics classroom, either between teacher and students or among students (Cobb, 1994) . Research shows that both verbal and written mathematical discourse promotes conceptual understanding (Pourdavood, Wachira, & Pitre, 2015; Wachira, Pourdavood, & Skitzki, 2013) . Two important aspects of classroom discourse are active listening and wait time. When a teacher asks questions, the students need to be provided adequate time to think, reflect, and respond. Research shows that the quality of student responses and overall classroom discourse are significantly improved when the teacher gives the students sufficient wait time of 3-5 seconds, even though the frequency and length of teacher input is reduced (Tobin, 1986) .
Becoming mathematically literate and empowered also require competence in various aspects of measurement, illustration, and representation. In a modern society, a variety of measures are used ranging from common measures such as length and time to more complex measures such as humidity and population growth rates (Gravemeijer et al., 2017) . Analyzing and interpreting data collected via measurement often involves the use of illustration and representation tools (e.g., words, symbols, maps, functions, tables, graphs, charts, etc.) for understanding the relevant mathematical dimensions, shapes, patterns, relationships, and probabilities. Visualization is an integral component of illustration and representation. Arcavi (2003) defined visualization as "the ability, the process and the product of creation, interpretation, use of and reflection upon pictures, images, diagrams, in our minds, on paper or with technological tools, with the purpose of depicting and communicating information, thinking about and developing previously unknown ideas and advancing understandings (p. 217)". The value of visualization in learning and doing mathematics has been long recognized. It is considered a prominent tool to illustrate mathematical concepts, explore mathematical relationships, and solve mathematical problems (Rau, Aleven, & Rummel, 2015) .
Method
A total of 67 out of 70 pre-service teachers returned completed questionnaire (see appendix 1). The participants were recruited from three sections of a mathematics methods course at a Mid-western university during Fall 2016 and Spring 2017. The course has a dual numbered section that includes both graduate students and undergraduate students. Out of 67 participants, 64 were undergraduates and three were graduates. Ten out of 67 students were special education major with emphasis on mild/moderate intervention specialist program and 57 were in early childhood program. All but eight of the participants were doing their practicum in urban and suburban pre-k-3 rd grades settings during the course of the study. The participants were mostly female (88.1%), and based on self-report of 61 out of 67, they had an average age of 24.42 years old.
The course instructor distributed the questionnaires in the classroom during the middle of the semester and asked the students to bring them back in a week. Participation was voluntary and anonymous. The questionnaire consists of demographic questions about the student's gender and age, a scale that measures their previous mathematics learning experience, a mathematics attitude scale with three single items measuring mathematics interest, mathematics motivation and mathematics confidence, and a scale on beliefs about student-centered teaching approaches (see appendix 1).
Mathematics Learning Experience Scale
The authors developed this scale to measure PSTs' previous experience of mathematics learning. There are nine subscales, each focusing on a specific type of mathematics learning experience: memorization, technology, measurement, manipulatives, multiple representation, reading, discourse, illustration, and communication. Each subscale includes five statements covering five levels of education: elementary school, middle school, high school, college, and adult workplace. For example, the first item in the subscale Memorization is "In elementary school, I memorized facts, rules or algorithms." Students are asked to rate the frequency that they engaged or engage in each type of math learning experience, using a five-point scale (1 = never, 2 = rarely, 3 = sometimes, 4 = often, and 5 = always). For the purpose of the present study, we chose not to use data on the fifth item in each subscale since those items focus on expectation for future workplace experience, which is not relevant to the research questions of the present study.
Beliefs about Student-Centered Teaching
This scale was developed by the authors based on qualitative analysis of PSTs' reflection during practicum and internship. It uses six items to measure PSTs' beliefs about different student-centered approaches in math teaching. An example item is "Students should view their teacher as a facilitator of learning rather than the dispenser of knowledge." The rating scale is a five-point Likerttype scale that goes from 1 (strongly disagree) to 5 (strongly agree). There is some evidence of reliability of the scale, with a Cronbach's alpha of .729.
Results
As indicated in Figure 1 below, significant changes occurred as students went to higher grade levels. The trend, however, differs for each specific type of mathematics learning experience. For example, regarding the use of discourse, reading, and communication as mathematics learning strategies, there seems to be a positive, linear relationship. As students went to higher grade levels, they reported increasing use of those strategies.
Students' technology use in mathematics learning consistently increased from elementary to high school though it remained at the same level from high school to college. Regarding the use of illustration and manipulatives, the data showed a gradual decrease from elementary school to high school but not much change between high school and college. Regarding the use of measurement, there was not much change from elementary school to middle school but then it went down gradually during high school and in college. The use of memorization and multiple representations in mathematics learning showed an interesting, quadratic pattern across grade levels, being lower in elementary school and in college but higher in middle school and high school. We examined pairwise correlations between the nine aspects of participants' mathematics learning experience and their current attitudes and beliefs about mathematics. Specifically, we included mathematics interest, mathematics motivation, mathematics confidence, and student-centered teaching belief in our analysis. As shown in Table 1 , mathematics interest, motivation and confidence were highly correlated with each other (r = .74, .75, and .81, p <.01) though none of them was correlated with student-centered teaching belief. Notes. SCT = Student-Centered Teaching. * p < .05. ** p < .01.
Among the nine types of math learning experience, measurement, manipulation, multiple representation, reading, discourse, illustration, and communication were all significantly correlated with each other. Memorization was only significantly correlated with multiple representation (r = .34, p < .01) and reading (r = .30, p < .05) whereas technology use was not correlated with any other variable.
Next, we examined the relationship between previous mathematics learning experience and participants' current attitudes and beliefs. By and large, there were few significant correlations. None of the nine indicators of previous mathematics learning experience was related to student-centered teaching belief. Use of multiple representations was significantly related to mathematics confidence (r = .30, p <.05). Use of discourse was significantly related to mathematics interest (r = .32, p < .01) and mathematics motivation (r = .29, p < .05). Since there were few significant correlations and even the three significant correlations were marginally medium sized, we decided not to proceed with any regression analysis.
Conclusion
In the current study, we examined the pattern of pre-service teachers' mathematics learning experience from elementary school to college. The results indicate that different mathematics learning tools or strategies were emphasized at different grade levels. The PSTs reported steadily increasing use of discourse, reading and communication as they went from elementary school to college.
However, such an experience was not accompanied by decreasing usage of memorization strategies. In fact, memorization stayed as a popular learning strategy throughout the PSTs' school life and even showed slightly elevated use during high school and in college. A similar curvilinear pattern was found regarding the use of multiple representations. The use of technology showed the largest gain from elementary school to high school. Finally, the use of manipulatives and illustrations showed a gradual decline from elementary to high school, while the use of measurement kept declining from elementary school to college.
The pattern reported above regarding the PSTs' mathematics learning experience asks for a more sophisticated understanding of effective use of mathematics learning strategies at different educational stages. While it is encouraging to see that the strategies that have more potential for promoting meaningful learning were experienced more and more by the PSTs as they went to higher level of schooling, it is somewhat disturbing to see that memorization continued to be widely used regardless of the grade level. At the same time, how should we explain the gradual declining use of manipulatives and illustrations from elementary school to high school? Were manipulatives and illustrations considered less useful for mathematics learning by middle school teachers than by elementary school teachers, and even less so by high school and college teachers? Why was measurement used to the same extent during elementary school and middle school, but to a less extent by high school and even less in college?
We highly recommend the use of a variety of tools and strategies to facilitate meaningful learning of mathematical concepts and ideas at all educational levels. It will be worthwhile to explore the reasons behind middle school and high school teachers' growing reluctance to the use of manipulatives, illustrations, and measurement in mathematics teaching and learning. Once we have a better understanding of the reasons, more efforts would be needed to help these teachers overcome barriers to effective use of such strategies. One way to support these teachers is to help them integrate technology into some relatively "old-fashioned" strategies (Bahng & Lee, 2017; Dietze & Kashin, 2013) . For example, research shows that virtual manipulatives can be as effective as physical manipulatives (Satsangi et al, 2016; Moyer-Packenham et al., 2014) . Other suggestions (Callaghan et al., 2017; Craig, 2000; Edwards, 2017) include the integration of collaborative learning, games, language art, interdisciplinary learning, complex problem solving, real life connections, etc. Finally, these tools and strategies can be combined in creative ways to make learning more engaging and productive. It is not necessary to view them as parallel strategies. For example, students can share their illustrations of the same mathematical concept and then engage in critical discourse about them.
Our findings regarding the relationship between the PSTs' previous mathematics learning experience and their current mathematics attitudes and beliefs indicate that for most of the learning tools or strategies of interest, frequency of use was unrelated to either attitudes towards mathematics or beliefs about mathematics teaching. Discourse and multiple representations were the only two exceptions, with discourse positively related to mathematics interest and motivation and multiple representations positively related to mathematics confidence. The correlations, though significant, were all around .30, barely meeting the cut-off for medium correlation coefficients. On the one hand, such findings suggest that we should continue to advocate the use of discourse and multiple representations in mathematics education. On the other hand, both teachers and students need not only more tools, but also more consistent and positive experience with the use of tools and strategies that support meaningful learning. Even though the PSTs generally believed in student-centered teaching, such beliefs did not seem to come from their own learning experience as a K-12 or even college student taking mathematics courses. Future studies should explore teachers' experience with incorporating specific strategies and how students receive them.
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